18O studies of the peroxidase-catalyzed oxidation of N-methylcarbazole. Mechanisms of carbinolamine and carboxaldehyde formation.
Chloroperoxidase, horseradish peroxidase, hemoglobin, myoglobin, lactoperoxidase, and microperoxidase catalyzed the ethyl hydroperoxide-dependent oxidation of N-methylcarbazole to N-(hydroxymethyl)carbazole and N-formylcarbazole as major products. Mass spectral analysis of the N-(hydroxymethyl)carbazole formed during the peroxidase-catalyzed N-demethylation of N-methylcarbazole in 18O-enriched medium indicated partial incorporation (7.5-25.9%) of solvent water oxygen into the carbinolamine intermediate in all systems investigated, suggesting that the peroxidase active site is partially accessible to solvent water during N-demethylation. In contrast, solvent water oxygen was not incorporated into the N-formylcarbazole formed during the peroxidase-catalyzed oxidation of N-methylcarbazole. N-(Hydroxymethyl)carbazole was not further metabolized by the peroxidases in the presence of ethyl hydroperoxide, indicating that it is not an intermediate in N-formylcarbazole formation. The horseradish peroxidase-catalyzed formation of N-formylcarbazole was decreased by 77% when the hydroperoxide-supported reactions were carried out in a nitrogen atmosphere, while the formation of N-(hydroxymethyl)carbazole was decreased by 46%. When the horseradish peroxidase-catalyzed reactions were carried out in a 18O2 atmosphere, 18O incorporation into N-(hydroxymethyl)carbazole was 64.4% of the total oxygen, while 81.8% of the oxygen incorporated into N-formylcarbazole came from 18O2. These results suggest that there are two different mechanisms for the formation of N-(hydroxymethyl)carbazole, both involving the initial oxidation of N-methylcarbazole to a neutral carbon-centered radical. The radical can be further oxidized in the enzyme active site to an iminium cation, which reacts with water derived from either the oxidant or the medium to form the carbinolamine. Alternatively, the substrate radical can react with molecular oxygen to form a hydroperoxy radical, which decomposes to form the carboxaldehyde and carbinolamine.